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ABSTRACT  (UNCLASSIFIED) 

A  non-reciprocal  latched  lithium  ferrite  phase  shifter  has  been 
developed  at  92-96  GHz. 

A  cylindrical  lithium  ferrite  rod  with  a  diameter  of  1.27  mm  and  an 
axial  hole  of  0.25  mm  was  placed  in  the  middle  of  a  standard  waveguide. 
Because  of  mechanical  uncertainties  we  chose  for  a  ferrite  length  of 
10.0  mm. 

The  average  saturation  differential  phase  shift  at  92-96  GHz  is  92.5 
degrees . 

Over  a  4  GHz  frequency  band  the  saturation  differential  phase  shift  is 
almost  independent  of  frequency. 

The  insertion  loss  of  1.5-2. 5  dB  can  be  improved. 

The  rise  time  of  the  90%  saturation  pulse  is  100  nsec,  the  pulse  length 
is  650  nsec  and  the  fall  time  is  950  nsec. 
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SAMENVATTING  (ONGERUBRICEERD) 

Een  niet  reciproke  schakelbare  lithium  ferriet  fasedraaier  is  ontworpen 
in  de  frequentieband  van  92-96  GHz. 

Een  circulair  lithium  ferrietstaafje  met  een  diameter  van  1.27  mm  en  een 
axiaal  gat  van  0.25  mm  werd  in  het  midden  van  een  standaard  golfpijp 
geplaatst.  Wegens  mechanische  onzekerheden  hebben  we  gekozen  voor  een 
ferrietlengte  van  10.0  mm. 

De  gemiddelde  differentiele  verzadigingsfaseverschuiving  op  92-96  GHz  is 
92.5  graden. 

De  differentiele  verzadigingsfaseverschuiving  is  over  een  4  GHz 
frequentieband  vrijwel  onafhankelijk  van  de  frequentie. 

De  tussenschakeldemping  van  1.5-2. 5  dB  kan  verbeterd  worden. 

De  stijgtijd  van  de  90%  verzadigingspuls  is  100  nsec,  de  pulslengte  is 
650  nsec  en  de  afvaltijd  is  950  nsec. 
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1  INTRODUCTION 

The  experimental  results  presented  in  this  report  are  an  extension  of 
the  previous  work  at  52  and  66  GHz  [1],  that  led  to  the  design  and 
production  of  a  ferrite  phase  shifter  which  has  been  tested  in  Germany 
at  FCAN. 

Figure  1  shows  the  92-96  GHz  phase  shifter.  The  desired  phase  shift  is 
achieved  by  tangentially  magnetizing  the  ferrite  rod.  The  switching  wire 
is  led  through  an  axial  concentric  hole . 

A  lithium  ferrite  rod  with  a  diameter  of  1.27  mm  and  a  length  of  10  mm 
has  been  used. 

The  inside  dimensions  of  the  waveguide  are  the  standard  waveguide  (WR- 
10)  dimensions  (1.27  mm  high  and  2.54  mm  wide). 

A  single  step  k  wavelength  dielectric  matching  transformer  has  been 
used. 

The  ferrite  is  magnetized  with  the  aid  of  a  d.c.  current  pulse  through 
the  wire . 

In  chapter  2.0  some  mechanical  problems  are  discussed.  The  properties  of 
the  applied  ferrite  are  given  in  chapter  3.0.  In  chapter  4.0  the 
experimental  results  are  presented.  The  measurement  set-up  is  given  in 
figure  2,  and  a  description  is  given  in  report  [2). 


|  in  Tjiffin i  n )  n  1 1 1  m  1 1  w  u \\ 

0  Aristo  1  2  3 

Figure  1  The  92-96  GHz  ferrite  phase  shifter. 


Figure  2  The  measurement  set-uD 
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2  PHASE  SHIFTER  DESIGN 

The  phase  shifter  consists  of  two  waveguide  flanges  which  are  soldered 
on  a  piece  of  standard  (WR-10)  waveguide  (fig. 3). 

The  ferrite  rod  is  placed  in  the  middle  of  the  waveguide  between  two  k 
wavelength  matching  transformers. 

The  hole  in  the  the  ferrite  rod  has  a  diameter  of  0.25  mm.  The  position 
of  this  hole  is  unfortunately  eccentric.  The  minimum  thickness  of  the 
ferrite  wall  is  0.37  mm.  This  reduces  the  effective  area  with  45% 

(fig. 4). 


Ll 


Figure  3:  Phase  shifter  configuration. 
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The  manufacturing  of  the  forsterlte  matching  transformers  (er  -  6)  was 
very  difficult.  The  sizes  are  given  in  table  1. 


Transformer  sizes  (mm) 
Calculated 


height 

width 

length 

1.27 

0.38 

0.46 

Manufactured 

height 

width 

length 

1.276 

0.368 

0.491 

1.28 

0.398 

0.48 

Table  1  Transformer  sizes  Figure  4  Ferrite  rod  with 

calculated  and  eccentric  axial  hole, 

manufactured 

It  was  not  only  impossible  to  make  these  transformers  accurately,  but 
when  these  transformers  were  placed  into  the  waveguide  some  forsterite 
crumbled  off. 

The  switching  wire  has  a  diameter  of  0.1  mm  and  is  led  through  the  hole 
of  the  ferrite  rod.  To  avoid  an  air  gap  between  the  ferrite  and  the 
transformer  a  groove  of  0.12  mm  has  been  made  at  the  ends  of  the  rod. 
The  wire  is  led  out  through  these  grooves  and  the  broad  waveguide  wall 
and  then  soldered  to  isolation  plugs. 
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3  GENERAL  FERRITE  PROPERTIES 


The  R1MH  lithium  ferrite  has  been  delivered  by  MARCONI. 

In  table  2  the  general  properties  of  this  ferrite  are  given. 


4sM?  -  4810  (gauss) 

74*Ms  /  u0  -  1.4 

tanie  -  3. 9x10 

(r‘  -  15.1 

B  /  Bm  3  0.85 
r'  in 

AHp  -  216  (oersted) 

Table  2 

Properties  of  the  applied  ferrite 

4»MS  - 

Saturation  magnetization 

tan«e  - 

Dielectric  loss  constant 

B_/  “ 

r'  m 

Squareness  ratio 

7 

Gyromagnetic  ratio  (2.8xl06) 

"0 

Angular  frequency  (94GHz) 

AHe  - 

Resonance  line  width  (-3dB) 

Where  1  oersted  -  10^/4*  A/m  and  1  gauss  -  10"^*  Wb/m^  . 

Generally  the  4irMs  value  is  chosen  such,  that  74?tMs/u)q-0 . 6 .  [  3  ]  In  this 
case  however  74xMs/u>q-0 . 14 .  This  result  in  a  smaller  differential  phase 
shift  and  a  larger  ferrite  length  is  necessary  to  achieve  more 
differential  phase  shift.  A  longer  phase  shifter  results  in  an  increase 
of  magnetic  losses  and  dielectric  losses.  However,  because  of  a  low 
74»Ms/wq  value  magnetic  losses  become  less  dominant. 
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4  EXPERIMENTAL  RESULTS 

In  figure  5  the  saturation  differential  phase  shift  is  given.  We 
measured  an  average  phase  shift  of  92.5  degrees.  To  achieve  a 
differential  phase  shift  of  360  degrees  we  should  use  a  ferrite  length 
of  38mm,  or  a  larger  ferrite  diameter. 

The  differential  phase  shift  is  almost  independent  of  frequency. 


Phase  shift  (deg) 


^^*-^atdifLphasi^hif^^^^^^verag^J 

Figure  5  The  saturation  differential  phase  shift  as  a  function  of 
frequency. 

Figure  6  shows  the  current  pulse  as  a  function  of  time  for  5  different 
phase  settings.  To  get  a  90%  saturation  phase  shift  a  current  pulse  of  2 
ampere  with  a  pulse  length  of  *>50  nsec  was  used.  The  voltage  pulse  for 
this  phase  setting  was  14  volt  with  a  pulse  length  of  300  nsec. 
Unfortunately  the  current  fall-time  is  950  nsec.  To  create  a  100% 
saturation  phase  shift  the  current  is  13  ampere  and  the  pulse  length  is 
2#>sec.  This  is  illustrated  in  figure  7. 
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Figure  8  shows  the  Insertion  loss  as  a  function  of  frequency  measured 
for  different  phase  settings.  A  large  insertion  loss  peak  is  present  at 
94.4  Ghz .  This  peak  is  caused  by  unwanted  waveguide  modes.  Due  to  the 
ferrite  loading,  these  modes  can  propagate.  They  are  generated  by  any 
disturbance  inside  the  waveguide  such  as  air  gap  or  void  reflections 

[4]. 

An  increase  of  the  ferrite  length  will  also  increase  the  insertion  loss. 
With  a  better  phase  shifter  design,  where  the  ferrite  makes  good  contact 
with  the  waveguide  wall,  it  is  expected  to  achieve  2  dB  loss  for  a  360 
degrees  phase  shift. 

Insertion  loss  (dB) 


Minimum  Ins.loss  1 —  Maximum  Ins. loss 


Figure  8  Insertion  loss  of  the  phase  shifter  as  a  function  of 
frequency  for  different  phase  settings. 
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5  DISCUSSION  AND  CONCLUSION 

Because  of  mechanical  uncertainties  we  chose  for  a  ferrite  length  of  10 
mm.  The  ferrite  diameter  is  1.27  mm. 

The  manufacture  and  the  installation  of  the  matching  transformers  was 
difficult.  The  accuracy  is  just  6.7%  and  the  forsterite  crumbled  off. 
The  average  differential  phase  shift  is  92.5  degrees  and  is  almost 
independent  of  frequency. 

The  insertion  loss  is  1.5-2. 5  dB.  This  can  be  improved  by  a  better 
design.  Air  gaps  between  ferrite  and  waveguide  wall  must  be  avoided. 

The  pulse  length  to  achieve  a  90%  saturation  phase  shift  is  650  nsec. 
The  fall-time  is  then  950nsec. 

Based  on  the  experience  obtained  during  the  design  and  construction  of 
this  ferrite  phase  shifter  for  the  92-96  GHz  band,  it  is  concluded  that 
such  a  phase  shifter  is  feasible. 

The  experiment  will  be  continued  with  reproduction  measurements. 
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